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Background: Infantile fibrosarcoma (IFS) is the most prevalent soft tissue sarcoma in children under
1 year old and is known for its rapid growth. The tumor lacks specific immunohistochemical tumor marker
and a general view of tumor microenvironment (TME). Its primary therapeutic intervention places patients
at a risk of disability or mutilation. This study aimed to elucidate the universal transcriptional characteristics
of IFS and explore novel targets for diagnosis and therapy using single-cell RNA sequencing (scRNA-seq).
Methods: Fresh tissue samples of IFS for scRNA-seq were collected from four patients before other
treatments were administered. We conducted cell clustering, inferring copy number variation from scRNA-
seq (InferCNV) analysis, gene differential expression analysis, cell function evaluation, Pearson correlation
analysis, and cell-cell and ligand-receptor interaction analysis to investigate the distinct ecosystem of IFS.
Results: According to the single-cell resolution data, we depicted the cell atlas of IFS, which comprised
14 cell populations. Through comparison with normal cells, the malignant cells were distinguished, and
potential novel markers (POSTN, IGFBP2 and CTHRCI) were identified. We also found four various
functional malignant cell subtypes, three of which exhibited cancer stem cells (CSCs) phenotypes, and
investigated the interplay between these subtypes and nonmalignant cells in the TME of IFS. Endothelial
cells and macrophages were found to dominate the cell-cell communication landscape within the
microenvironment, promoting tumorigenesis via multiple receptor-ligand interactions.

Conclusions: This study provides a comprehensive characterization of the tumor transcriptome and
TME of IFS at the cellular level, offering valuable insights for clinically significant advancements in the

immunohistochemical diagnosis and treatment of IFS.
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Introduction

Infantile fibrosarcoma (IFS) is a rare type of
nonrhabdomyosarcoma soft tissue tumor and consists
of malignant spindled fibroblasts originating from
mesenchymal cells. It is the most common soft tissue
sarcoma in children under 1 year old, with a higher
incidence in males than in females, and is often located
in the distal extremities (1). The tumor typically exhibits
widespread positivity for vimentin but is negative for desmin
and S100 protein (2,3). Nonetheless, specific tumor markers
have not been established for immunohistochemical
diagnosis. Moreover, IFS demonstrates rapid growth,
resulting in tumor diameters larger than 5 cm at the onset,
with potential involvement of critical blood vessels and
nerves (1). This significantly complicates the possibility of
radical surgical resection, which is the primary therapeutic
intervention for IFS, and places the patient at a considerable
risk of disability or mutilation.

In 1998, Knezevich er 4l. first reported the chromosomal
translocation t(12;15) (p13;q25) in children with IFS,
which results in ETV6-NTRK3 gene fusion, and linked it
to oncogenesis (4). Subsequently, other NTRK gene-related
chromosomal translocations were also identified in IFS
(5-7). These studies have explored the genetic characteristics
of IFS at the DNA level to improve the diagnosis and

treatment of the disease. Researchers have attempted to

Highlight box

Key findings

* We clarified the single-cell transcriptional characteristics of
infantile fibrosarcoma (IFS) and identified novel targets for
diagnosis and therapy.

What is known and what is new?

* Although it has been partly associated with ETV6-NTRK3 gene
fusion, IFS has no specific immunohistochemical diagnostic
markers. Moreover, no universal characteristics of the tumor
environment within IFS have been identified.

® POSTN, IGFBP2 and CTHRC1 were found to be potential novel
markers for IFS, endothelial cells and M2-like macrophages play a
primary role in the immune microenvironment of IFS.

What is the implication, and what should change now?

e This study represents an opportunity for making clinical
advancements in the immunohistochemical diagnosis and
treatment of IFS. Further exploration should be conducted to
validate these findings.

© Translational Pediatrics. All rights reserved.

597

apply NTRK-targeted drugs, such as larotrectinib, for
treating IFS and achieved promising results in clinical
trials (8-10). However, NTRK gene-related chromosomal
translocations have been confirmed to be relevant to other
tumors, and other NTRK gene-unrelated chromosomal
variations, such as BRAF rearrangements, have been
reported in IFS (1,5). This suggests that this diagnostic
approach, despite its high cost, may lack specificity and
universality to some extent. Furthermore, the related
targeted therapies also face certain challenges, including
tumor resistance, adverse reactions, and high costs (8).

The tumor microenvironment (TME), which directly
influences cancer cells and plays a crucial role in cancer
development and progression, has become a focal point
of breakthrough research in emerging therapeutic
strategies. Regarding IFS, Zhu et a/. have utilized
immunohistochemistry and multicolor flow cytometry
to prove that IFS tumors are highly immunogenic (11).
They propose that the expansion of tumor-infiltrating
lymphocytes followed by adoptive cell transfer could be a
potential immunotherapy for IFS patients. Yet, the overall
and precise characteristics of the TME, as well as the
interactions between malignant cells and other cells within
IFS, remain largely unknown.

In recent years, single-cell RNA sequencing (scRNA-
seq) has emerged as a robust analytical technique that allows
for the investigation of omics information at the individual
cell level (12). It provides unprecedented resolution for
comprehensively understanding the cellular diversity within
complex cancers. Through comparative analysis with normal
cells, scRNA-seq can discern malignant cells, characterize
distinct malignant cell populations, and elucidate their
shared or unique gene expression profiles and functions (13).
This advancement holds promise for prognostic prediction
and targeted therapy development. Furthermore, scRNA-seq
facilitates the investigation of the TME and the interactions
among its cellular constituents, providing valuable insights
for targeted immunotherapy (14).

We therefore conducted scRNA-seq on lesion
tissues from patients with IFS to reveal the universal
transcriptional characteristics of both the malignant cells
and the TME within this disease, and identify novel targets
for immunohistochemical diagnosis, which demands lower
cost, and treatment. We present this article in accordance
with the STREGA reporting checklist (available at https://
tp.amegroups.com/article/view/10.21037/tp-24-66/rc).
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Methods
Patient and sample collection

This study performed scRNA-seq for fresh samples from
four patients, who were diagnosed with IFS and received
biopsy or radical surgery at the Department of Oncology
from the Children’s Hospital of Fudan University. Besides,
samples from additional 19 patients were collected for
histopathological examinations. Prior to surgery, none of
the patients had undergone chemotherapy, radiotherapy, or
targeted therapy. This study was approved by the Medical
Ethics Committee of the Children’s Hospital of Fudan
University [approval No. (2020). 419] and conducted in
accordance with the Declaration of Helsinki (as revised in
2013). Prior to participation, informed written consent was
obtained from the parents of the 23 patients.

Healthy donor data

Healthy control samples were obtained from a deceased
brain-dead donor during clinical transplantation. The
donor was confirmed to be free from chronic diseases,
infections, and malignancies. Tissues from 15 different
organs were collected and separately sequenced, including
the blood, bone marrow, liver, bile duct, lymph nodes
(hepatic hilum and mesentery), spleen, heart (apex), bladder,
trachea, esophagus, stomach, small intestine, rectum, skin,
and muscle (thigh). The dataset was sourced from the

Gene Expression Omnibus (GEO) with accession number
GSE159929 (15).

Generation of scRNA-seq data

Samples were processed within an hour after surgery,
adhering to the established experimental techniques using
the Chromium Single Cell 3’ Library V2/V3 kit (10x
Genomics, Pleasanton, CA, USA). Lesion tissues were
enzymatically digested and underwent density gradient
centrifugation with lymphocyte separation medium for
mononuclear cells, which were loaded into a Chromium
Controller (10x Genomics). The resulting barcoded
complementary DNAs (cDNAs) were used for library
construction. Raw data were converted into FASTQs
format via Illumina bel2fastq software (Illumina, San Diego,
CA, USA), followed by alignment to the human genome
(GRCh38) utilizing the CellRanger v. 3.0.1 (10x Genomics)
pipeline in accordance with the manufacturer’s instructions.
Subsequently, a digital gene-cell matrix was generated from
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this processed data.

Single-cell data quality control and processing

Seurat v4 was employed to process and analyze the gene
expression matrix (16). The scRNA-seq data from healthy
donors underwent identical processing steps. Cells were
filtered based on gene expression, removing those with
fewer than 500 or more than 6,000 detected genes to ensure
data quality. Cells exhibiting over 10% gene expression
derived from the mitochondrial genome were excluded.
Nuclear mitochondrial and ribosomal genes were omitted
from subsequent analyses. Additionally, Scrublet was used
to remove cell doublets (17).

After quality control, the data underwent normalization
utilizing the SCTransform function. Subsequently,
highly variable genes were identified and examined with
FindVariableFeatures function. Principal component
analysis (PCA) was conducted using the RunPCA function,
and clusters were identified through the FindNeighbors
and FindClusters functions. The visualization was realized
respectively via t-distributed stochastic neighbor embedding
(t-SNE) and uniform manifold approximation and
projection (UMAP) using the RunTSNE and RunUMAP
functions. Differentially expressed genes (DEGs) of each
cluster were determined with the FindAllMarkers function.

Single-cell data integration

The data separately generated from 14,879, 15,572,
10,142, and 9,143 isolated cells from four lesion tissues
of IFS and 18,405 cells from healthy donor were merged
for integration analysis. The Harmony algorithm was
employed to rectify technical batch effects within the
merged dataset (18).

Cluster definition

Based on the DEGs and conventional cell markers, cell
types were manually assigned to the clusters. Markers used
to type cells included KRT'14, KRT1, DMKN (epithelial
cells), PECAM1, VWF, PLAVP (endothelial cells), ACTA2,
MYLY, TAGLN (smooth muscle cells), MMP9, COLIAI
(fibroblasts), MMP2, ACTA2, COL1AI (myofibroblasts),
PTPRC (immune cells), CD2, CD3D, CD3E (T cells),
GZMK, GZMA, GZMB, GZMH (effector T cells), IL2RA,
FOXP3, IKZF2 [regulatory T cells (Tregs)], TRGVY,
TRDV2 (y8 T cells), NKG7, NCAM1, KLRD1 [natural killer
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(NK)/natural killer T (NKT) cell], C1QA, C1QB, MSRI1
(macrophages), S10048, S10049, VCAN (monocytes),
CDIC (classical dendritic cells), IRF§8, CLEC4C
(plasmacytoid dendritic cells), CD19, CD79A4, SDCI,
XBPI (plasma cells), KIT, TPSABI, and TPSB2 (mast cells)
(15,19,20).

Inferring copy number variation from scRNA-seq
(InferCNV) analysis

InferCNV, based on the hidden Markov model (InferCNV
of the Trinity CTAT Project; https://github.com/
broadinstitute/inferCNV), was employed to infer the
copy number variations (CNVs) in malignant-like cells.
Normal cells from healthy donors were used as reference.
The analysis procedure followed guidelines outlined in the
tutorial (https://github.com/broadinstitute/inferCNV/wiki).

Specific marker identification for malignant cells

The Wilcoxon rank-sum test was employed to assess and
characterize DEGs identified by the FindAllMarkers
function. The novel markers were identified using a default
threshold of two for average fold change and a filter for
the minimum delta percent of cells [(percentage of clusterl
— percentage of cluster2)/percentage of clusterl x100%]
greater than 90% (19).

Pearson correlation calculation

Scanpy (21), a scalable toolkit for analyzing single-cell gene
expression data (https://github.com/scverse/scanpy), was
used to calculate the Pearson correlation of transcriptional
features among malignant cells for hierarchical clustering
and potential cell subtype visualization using the sc.pl.
correlation_matrix function.

Cell function

Gene functional scoring of macrophages was performed
using the AddModuleScore algorithm according to the M1-
like and M2-like reference sets (22). The top 50 DEGs
of each cell type were selected for Gene Ontology (GO)
analysis. This analysis aimed to explore the functional status
of the cells and was conducted utilizing the clusterProfiler
package (an R package for comparing biological themes
among gene clusters; https://bioconductor.org/packages/
release/bioc/html/clusterProfiler.html).

© Translational Pediatrics. All rights reserved.

599

Cell-cell and ligand-vreceptor interactions

CellPhoneDB, a public repository of ligands, receptors and
their interactions, was used for cell-cell and ligand-receptor
interaction inference in the IFS microenvironment (23). We
established a lower threshold for the expression proportion
of any ligand or receptor within each cell type at 10%.
Additionally, the number of permutations was set to 1,000.

Hematoxylin and eosin (HE) staining and
immunobistochemistry

The formalin-fixed and paraffin-embedded tissue was cut
into 4-mm-thick sections and affixed onto the slides, which
were subjected to HE staining and immunohistochemistry.
The DAB polymer detection kit (GeneTech, Shanghai,
China) was used according to the manufacturer’s provided
protocol, and Tris-EDTA (pH 9.0) buffer was used
for antigen retrieval. Anti-CTHRCI1 antibody (1:800;
Ab256458, Abcam, Cambridge, UK), anti-periostin
antibody (1:100; Ab215199, Abcam), and anti-IGFBP2
antibody (1:250, Ab188200, Abcam) were employed.

Results
Clinical characteristics of the patients with IFS

Table 1 presents a summary of the clinical characteristics
observed in the four patients diagnosed with IFS. Three
of the patients exhibited various clinical manifestations
within 24 hours after birth, including vomiting, right eye
protrusion, and bilateral lower limb swelling. The fourth
patient was found to have a painless massive lump in the
right hip at the age of 2 months. All patients were subjected
to biopsy or surgical resection. Prior to the surgery, the
patients underwent comprehensive evaluations, primarily
with computed tomography (CT) and isotopic bone
imaging, and no regional lymph node infiltration or distant
metastasis was identified. Pathological diagnosis of the
four patients’ samples revealed the presence of IFS and the
identification of ETV6-NTRK3 gene fusion.

Patient 1 succumbed to the disease within 1 month
after the biopsy. Patient 2 discontinued treatment after
completing four cycles of chemotherapy due to financial
constraints and is currently living with both old and new
lesions. Patient 3 experienced local recurrence 2 months
after resection, achieved complete remission after taking
larotrectinib for 4 months, and continued taking the drug
for an additional 12 months; upon cessation of larotrectinib,
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Figure 1 Single-cell atlas of IFS. (A) UMAP visualizing the single-cell expression profiles of integrated cells from IFS lesions and healthy

donors’ organs. The color indicated various cell populations. (B-E) UMAP visualizing the expression of endothelial cell markers, epithelial

cell markers, immunocyte markers, smooth muscle cell markers, myofibroblast markers, and fibroblast markers in the integrated cells.

Violin plots depicting the expression distribution of specific cell markers involved in different immunocytes. The color indicates various

cell populations. (F) Large-scale CNVs distinguishing malignant from nonmalignant cells. Red color indicates amplification, and blue

color indicates deletions. UMAP, uniform manifold approximation and projection; NK, natural killer; NKT, natural killer T; IFS, infantile

fibrosarcoma; CNV, copy number variation.
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Figure 2 Single-cell transcriptional characteristic of malignant cells in IFS. (A) Violin plots depicting the expression of three selected genes

(POSTN, IGFBP2, and CTHRC]I) in malignant cells compared with normal cells. (B) HE and immunohistochemistry staining revealing

the universal expression of selected genes in the four studied IFS tissues (20x). (C) UMAP visualizing the single-cell expression profiles of

IFS malignant cells. The color indicates various cell clusters or cell subtypes. (D) Heatmap displaying the Pearson correlation coefficients

calculated between the average gene expressions of malignant cell clusters. (E) Bar charts depicting the enrichment of GO terms based

on the top 50 upregulated genes in various malignant cell subtypes. (F) Heatmap displaying the expression of CSC markers in malignant

cell subtypes. HE, hematoxylin and eosin; UMAP, uniform manifold approximation and projection; GO, Gene Ontology; BMP, bone

morphogenetic protein; CSC, cancer stem cell; IFS, infantile fibrosarcoma.
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tissues (Figure 2B), but also in the validation cohort (POSTN
expressed in 18/19 samples, IGFBP2 in 17/19 samples, and
CTHRCI in 18/19 samples). Additionally, we examined
previously reported IFS-specific ETV6-NTRK3 gene fusion
in IFS, which were identified in 11 of 23 patients (Table 2).
This suggests that POSTN, IGFBP2, and CTHRCI may
serve as novel markers for IFS.

Moreover, we isolated and analyzed malignant cells
separately to explore intertumoral heterogeneity. Sixteen
malignant cell clusters were obtained (Figure 2C). According
to the Pearson correlation as calculated with Scanpy (21),
these clusters could be classified into four subtypes
(Figure 2C,2D). We selected the top 50 DEGs for each
subtype for GO analysis (Figure 2E). Some DEGs in the
three subtypes (tumor 2, tumor 3, and tumor 4) were
enriched in common pathways of extracellular matrix
organization. Additionally, the DEGs of tumor 2 were
enriched in cell growth and adhesion, those of tumor 3 were
enriched in immune response, and those of tumor 4 were
related to embryonic mesenchymal development. DEGs of
tumor 1 were associated with actin filament organization,
indicating a potential phenotype of myofibroblast-
like malignant cells. This suggests different functional
characteristics of various malignant cell subtypes.

Besides, we evaluated the cancer stemness of various
malignant cell subtypes based on cancer stem cell (CSC)
biomarkers (24,25), including CD44, PROM1, ABC family,
ALDH1, POUSFI1, BMI1, ICAMI and NANOG (Figure 2F).
Our findings indicated the presence of CSC phenotypes in
tumor 1, tumor 3, and tumor 4.

The TME of IFS at single-cell resolution

To further characterize the TME of IFS, we further
annotated T cells and macrophages based on conventional
cell markers (Figure 34). Five subtypes of T cells were
identified, including CD4" effector T cells, CD8"GZMK"
effector T cells, CD8"GZMK" effector T cells, Tregs, and
v8 T cells (Figure 3B). Meanwhile, AddModuleScore was
employed to assess the function of macrophages in IFS
based on the known gene sets (22). The majority of cells
attained higher scores of the alternatively activated M2-
like macrophages compared to the classically activated M1-
like macrophages (¢-test; P<0.05), indicating a tendency for
macrophages to primarily exert anti-inflammatory functions
and promote tumor development in IFS (Figure 3C).

We predicted the cell-cell communication networks in
IFS based on CellPhoneDB (23) to explore the intrinsic
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connections of IFS (Figure 3D). The interactions observed
between malignant cells were notably more prevalent with
endothelial cells and macrophages, compared with epithelial
cells, dendritic cells, plasma cells, mast cells, monocytes,
T cells, and NK/NKT cells. Notably, endothelial cells
and macrophages emerged as prominent participants in
the intricate cell-cell communication network within this
microenvironment, indicating their potential pivotal roles
in cell-cell interactions among cells in IFS.

We identified multiple interesting receptor-ligand
interactions that might contribute to tumor progression.
Angiocrine factors were involved between malignant cells
and endothelial cells (26), including growth factors (VEDGF
and PDGF), cytokines (TNF superfamily), and other
factors like NOTCH and Slit2 (Figure 3E). Meanwhile,
we found M2-like macrophages might promote tumor
progression via VEGFA-NRP1/NRP2, SPP1-integrin,
IL1B-IL1R, HBEGF-ERBB2/EGFR, and CXCL2/
CXCL10/CXCL12-DPP4 interactions (Figure 3F) (27-34).
Additionally, malignant cells might reduce M1-like
macrophage infiltration and enhance M2-like macrophage
recruitment and polarization by tumor-immune interactions
such as VEGFA/SEMA3A/SEMA3C-NRP1/NRP2,
CXCL12-CXCR4, IL-34/CSF1-CSF1R, and CDS55-
ADGRES (Figure 3F) (28,31,35-39). The CD47-SIRPA
pathway signaling ‘do not eat me’ might enhance immune
escape of CD47" malignant cells (Figure 3F) (31).

Discussion

Although less malignant compared to adult fibrosarcoma,
IFS has a high degree of local invasiveness (40). Tumors
often present with large volumes and surround vital blood
vessels and nerves, thereby increasing the risk of functional
impairment associated with radical surgical resection. The
early diagnosis and treatment of IFS are critical to patient
treatment. However, the pathological diagnosis of IFS
relies on characteristic cellular arrangements and lacks
specific immunohistochemical markers (3). When patients
with IFS lacking these distinctive cellular arrangements, it
becomes challenging to differentiate IFS from other spindle
cell tumors. Recently, the discovery of the ETV6-NTRK3
fusion gene has provided some assistance in IFS diagnosis
and treatment, but its sensitivity and specificity still require
further consideration (8). As demonstrated in our study, only
11 of 23 (47.83 %) patients with IFS were tested positive for
the ETV6-NTRK3 fusion gene. Moreover, this gene fusion
has also been identified in other tumors, such as congenital
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mesoblastic nephroma (5). Novel specific markers for the
immunohistochemical diagnosis and treatment of IFS are
crucially needed.

Recently, TME, which directly influences cancer cells and
plays a crucial role in cancer development and progression,
has emerged as a rapidly expanding area of interest. A
better understanding of the structural and the functional
characteristics of TME provides insights into potential
novel therapeutic targets, including immunotherapies and
anti-angiogenic therapies (41). However, the comprehensive
characteristics of the TME within IFS is unclear.

In this study, we conducted scRNA-seq on lesion tissues
from patients with IFS and explored the molecular traits
of IFS compared to normal cells from healthy donors.
This is the first study to characterize and summarize the
malignant cells and TME of IFS at a single-cell resolution.
We distinguished malignant cells of IFS from normal
fibroblasts, myofibroblasts, and smooth muscle cells, and
identified three genes (POSTN, IGFBP2, and CTHRC]) that
were explicitly expressed in them and thus may be potential
novel markers for IFS.

POSTN encodes a secreted cell adhesion protein that
promotes cell survival, invasion, angiogenesis, and epithelial-
mesenchymal transition (EMT) in the oncogenesis of
various adult malignancies, such as colon cancer and ovarian
cancer (42,43). POSTN is highly expressed in IFS malignant
cells (average fold change =2.73, delta percentage =95%),
suggesting its potential role in IFS. IGFBP2, an encoding
gene for a secreted protein or cytoplasmic signaling effector
protein, has been identified as an important oncogene
associated with malignant cell proliferation, invasion, and
EMT (44). It is currently considered a valuable biomarker
for patient diagnosis and prognosis as well as a potential
therapeutic target for malignant diseases (45). Additionally,
CTHRC1 encodes an extracellular matrix protein that is
involved in tissue remodeling and immune reactions (46).
Its high expression has been confirmed in various adult
cancers, such as gastric cancer and hepatocellular carcinoma,
and it plays a role in tumorigenesis by upregulating the
signaling pathways of TGF-B, PI3K, and Wnt (47). Given
these factors, it is worth exploring the role of IGFBP2 and
CTHRCI in IFS.

Moreover, we identified four malignant cell subtypes
with distinct functions denoted as tumor 1, tumor 2, tumor
3, and tumor 4. According to the GO analysis, tumor 1,
potentially characterized by myofibroblast-like malignant
cells, could participate in facilitating tumor invasion and
metastasis through its involvement in actin cytoskeleton

© Translational Pediatrics. All rights reserved.
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reorganization (48). Tumor 2 could exhibit heightened
proliferation and adhesion capabilities, suggesting its role
as a subgroup primarily responsible for tumor growth (49).
Tumor 3 could get involved in immune responses, while
tumor 4 appeared to be a subgroup with a lower degree of
differentiation. The latter three subgroups could collaborate
in reshaping the non-cellular components of the TME,
thereby fostering the progression of IFS (50). Additionally,
when concentrating on CSCs (24), a distinct subset of self-
renewable and highly proliferating neoplastic cells in solid
tumor known as the ‘root cells’ of cancer, it was striking
that three of four subtypes exhibited CSC phenotypes. This
would partially elucidate the local high tumor invasiveness
and CSCs might be new therapeutic targets for IFS. For
example, cell-surface markers of CSCs such as CD133 and
CD44 enable the targeted delivery of therapeutics such as
chemotherapeutics and immuno-modulators (25).

When we explored the cell-cell communication landscape
of TME in IFS, endothelial cells and macrophages were
found to dominate the interaction network within this
microenvironment. We identified multiple receptor-
ligand interactions might contribute to tumor progression,
highlighting their potential as therapeutic targets for IFS.

The vascular endothelial growth factor (VEGF) family
could serve as an important role in tumorigenesis of IFS.
VEGF family expressed by malignant cells stimulates the
proliferation and survival of endothelial cells to initiate
tumor neo-angiogenesis (26,27). VEGA" malignant cells
promote M2-like macrophage polarization to exert anti-
inflammatory function (28). Also, M2-like macrophages
express VEGA to promote tumor progression by the
VEGFA/NRP-1/GAPVDI1 axis (28). Currently, VEGF as
a therapeutic target has been validated in various pediatric
sarcomas (26,27). Considering the observed VEGEF-
related interactions above, it is worthwhile to explore the
efficacy and safety of VEGF inhibitors in patients with IFS,
especially those negative for the ETV6-NTRK3 fusion
gene or resistant to N'TRK inhibitors.

Besides, Jagged Canonical Notch Ligand (JAG),
including JAG1 and JAG2, play a carcinogenic role in
many cancer types (51,52). In IFS, JAG" endothelial cells
might enhance cancer stemness, aggressiveness and EMT
of NOTCH" malignant cells. We also found endothelial
cells interact with malignant cells by JAG1/JAG2-VASN
and VASN associated with tumor progression (53). The
identification of JAG, previously unreported in IFS,
presents a novel avenue for therapeutic intervention.

As widely identified in sarcomas (31), macrophages
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mainly display a M2-like phenotype in the TME of IFS. M2-
like macrophages have been shown to predominantly interact
with malignant cells, consequently promoting extracellular
matrix remodeling and deposition, tumor angiogenesis,
leukocyte recruitment, and immune suppression,
all of which contribute to tumor progression (54).
Numerous pro-tumorigenic interactions reported in other
sarcomas, such as IL-34/CSF1-CSF1R and CD47-SIRPA
(31,55), have also been observed between malignant cells
and macrophages in IFS, thereby serving as potential
immunotherapeutic targets. Furthermore, we identified
some novel interactions, with limited or no previous reports
in sarcomas but documented in other cancers, deserving
further exploration. These include HBEGF-ERBB2/
EGFR and CXCL2/CXCL10/CXCL12-DPP4 interactions
(32-34). Our findings spotlight the potential of targeting
macrophages for immunotherapy in IFS.

Our study had certain limitations that should be
acknowledged. First, due to the rarity of IFS, the sample
size was limited, consisting of only four samples, all of
which were identified as having the ETV6-NTRK3 fusion
gene. This lack of samples without the fusion gene may
restrict the generalizability of our findings. Second,
single-cell sequencing analysis is conducted based on
bioinformatics methods and is limited to the mRNA level,
requiring further experimental support and integration with
multi-omics analysis to characterize tumor heterogeneity
comprehensively. Our findings have not yet been validated
through cellular and animal experiments. However, we are
committed to conducting further research to supplement
and confirm our initial findings in the future.

Conclusions

By conducting scRNA-seq, our study provided novel
insights into the heterogeneity of IFS and characterized
malignant cells and the TME at an unprecedented
resolution. This high-resolution data presents an opportunity
for making clinically significant advancements in the
immunohistochemical diagnosis and treatment of IFS.
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